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SLURRY COMPOSITION AND METHOD OF
SELECTIVE SILICA POLISHING

FIELD OF INVENTION

The present invention relates to a slurry composition for

use 1n chemical-mechanical polishing substrates containing,
silica and crystalline silicon and a method of using the slurry

composition.

DESCRIPTION OF RELATED ART

Prior art chemical mechanical polishing slurries exhibited
poor selectivity between silica (silicon dioxide) and poly-
silicon (crystalline silicon).

As mdustry continues to seek improvement in production
throughput in order to increase cost eflectiveness, higher
polishing selectivity of silica to polysilicon using various
abrasives while achieving high surface quality became
highly desirable.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a method to increase the
selectivity of polish rates of silica (silicon dioxide) in
preference to polysilicon. The method involves an acidic
aqueous slurry contaiming a polishing suppressant which
comprises a cationic organic compound. In particular, the
cationic organic compound 1s or contains a quaternized
aromatic heterocycle.

The slurry compositions according to the mvention are
acidic. Polysilicon 1s known 1n the art to decompose by
hydrolysis when exposed to neutral and alkaline aqueous
environments. These environments can be defined as aque-
ous solutions with pH values of 7 and higher. It 1s possible
that this behavior 1s exhibited at pH levels slightly below 7.
In an aqueous environment of pH 7 and higher, polysilicon
decomposes by hydrolysis and forms silicon hydroxide. In
the same aqueous environment of pH 7 and higher, silica
also forms silicon hydroxide. Therefore, selective polishing
of silica 1n preference to polysilicon with selectivity greater
than 50 becomes diflicult in an aqueous environment of pH
7 and higher. This 1s because both silica and polysilicon start
decomposing and essentially converting to the same mate-
rial-—silicon hydroxide.

The slurry composition according to the invention can be
used to polish heterogeneous substrate surfaces including
silica and polysilicon with a preference (selectivity) of silica
to polysilicon that can be at least 50, at least 75, at least 100,
at least 125, at least 150, or at least 175. Values higher than,
or between, the aforementioned values are also envisioned.

The present invention also provides a method of polishing,
heterogeneous substrate surfaces using the slurry composi-
tion.

The foregoing and other features of the invention are
hereinafter more fully described and particularly pointed out
in the claims, the following description setting forth 1n detail
certain 1llustrative embodiments of the invention, these
being indicative, however, of but a few of the various ways
in which the principles of the present immvention may be
employed.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present invention provides a method to increase the
selectivity of polish rates of silica 1n preference to polysili-
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con. The method involves an aqueous slurry containing a
polishing suppressant which includes a cationic organic
compound. In particular, the cationic organic compound 1s
or contains a quaternized aromatic heterocycle.

The present invention provides an acidic aqueous polish-
ing slurry composition that comprises water (preferably
deionized water), ceria particles, a pH adjuster, and an agent
that suppresses the polishing rate of polysilicon 1n prefer-
ence to silica. The agent that improves polishing selectivity
of silica over polysilicon 1s a suppressant to decrease the
absolute polishing rate of polysilicon while leaving the
polishing rate of silica largely unchanged thereby increasing
the polishing selectivity of silica to polysilicon on the order
of 100 fold. The pH adjuster is present in the slurry to an
extent needed to bring the pH down to 5.5 or below;
preferably to 5 or below, more preferably to 4.5 or below,
and still more preferably to 4 or below.

The quaternized aromatic heterocycle includes a hetero-
cyclic aromatic ring structure, or multiple ring structures,
either fused or separated from one another by at least one
atom that 1s not part of either of the ring structures.

The quaternized aromatic heterocycle includes at least
one atom that 1s capable of exhibiting a quaternary state.
Non-limiting examples of such atoms include nitrogen (am-
monium) and phosphorous (phosphonium). There 1s no limit
to the molecular weight of the compound. The compound
can be polymeric or oligomeric in nature or include low
molecular weight species. The compound can include one
quaternary site or multiple sites with no limitation. There 1s
no limitation to the length or structure of the pendant groups.
The quaternary (positively charged—cationic) atom 1s bal-
anced with a negatively charged anion. There 1s no limitation
to the negatively charged anion. Typical but not limiting
anions 1nclude hydroxide, chloride, bromide, 1odide, nitrate,
sulfate, and phosphate.

The slurry composition according to this invention can be
used to polish heterogeneous substrate surfaces including
s1lica and polysilicon with a preference of silica to polysili-
con that can be at least 50, at least 75, at least 100, at least
125, at least 150, or at least 175. Values greater than, and
between, the atorementioned values are also envisioned.

The present invention also provides a method of polishing
a heterogeneous substrate surface using the slurry compo-
s1tiomn.

Each of the components of the slurry composition 1s
separately discussed below.

Abrasive Particles. The slurry composition preferably
comprises from about 0.05% to about 30% by weight,
preferably about 0.05 to 20% by weight, and more prefer-
ably from about 0.1% to about 7% by weight, of abrasive
particles.

Non-limiting examples of suitable abrasive particles
include ceria, alumina, zirconia, silica, and/or titania.

The abrasive particles used i the slurry composition
according to the invention preferably have an average par-
ticle size (D, __ ) of from about 0.001 um to about 3.0 um.
More preterably, the particles have an average particle size
(D, ) within the range of from about 0.05 um to about 1.0
L.
Polishing Suppressant. The slurry composition preferably
comprises one or more suppressants in an amount within the
range of from about 0.1 to about 30%, preferably about 0.25
to 25%, more preferably about 0.5 to about 20% by weight
of the total solids present 1n the slurry composition.

Suitable suppressants for use to improve the polishing
selectivity of silica over polysilicon are, broadly speaking,
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cationic organic compounds. The cationic organic com-
pounds of interest 1n the present invention are quaternized
aromatic heterocycles.

The quaternized aromatic heterocycle may include 4-8
atoms, preferably 5 or 6 atoms, most preferably 6 atoms. The
quatermized aromatic heterocycle includes at least one het-
croatom capable of achieving a quaternary state. Non-
limiting examples ol atoms capable of achieving a quater-
nary state include mitrogen and phosphorous.

The quaternized aromatic heterocycle may further include
at least one saturated or unsaturated, optionally substituted
C1 to C100 hydrocarbon residue bonded to at least one atom
of the heterocycle. In various embodiments, the hydrocarbon
residue may have 1-75, 1-50, or 1-25 carbon atoms. Pref-
erably, the hydrocarbon residue has 1 to 24 carbon atoms, or
1-18 or 1-12 or 1-6 carbon atoms.

The quatermized aromatic heterocycle may be part of an
ionic liquid. An 1onic liquid 1s a salt in which the 1ons are
poorly coordinated, which results 1n these solvents being
liquid below 100° C., or even at room temperature (room
temperature 1onic liquids, RTILs).

There 1s no limit to the molecular weight of the com-
pound. The compound can be polymeric or oligomeric in
nature or include low molecular weight species. The com-
pound can include one quaternary site or multiple sites with
no limitation. There 1s no limitation to the length or structure
of the pendant groups. The quaternary (cationic) atom 1s
balanced with a negatively charged anion. There 1s no
limitation to the negatively charged anion. Typical non-
limiting anions include hydroxide, chloride, fluoride, bro-
mide, 10dide, nitrate, sulfate, and phosphate.

The quaternized aromatic heterocycle may be a multiple
heterocycle containing at least two ring structures. The
multiple ring structures may be fused together, wherein one
or more of the at least two ring structures include at least one
quaternized atom. Alternately, the multiple heterocycle may
contain at least two ring structures joined by at least one
atom which 1s part of the at least two ring structures, or at
least two ring structures joined by at least one atom which
1s not part of the at least two ring structures. One or more of
the at least two ring structures includes at least one quater-
nized atom.

Generally, suppressants useful herein may be based on
heterocyclic aromatic compounds such as pyridine, pyrro-
lidine, 1midazoline, pyrazoline, oxazoline, 1soxazoline, tri-
azoline, oxadiazoline, thiadiazoline, dithiazoline, diazines,
oxazines, thiazines, triazines, indoles, 1soindoles, benzimi-
dazoles, purines, indazole, benzisoxazole, benzoxazole,
benzothiazole, qunioline, 1soquinoline, quinoxaline, acri-
dine, pyrimidine, quinazoline, cinnoline, and phthalazine.

Non-limiting examples of suppressants include quater-
nized aromatic heterocycle selected from the group consist-
ing of cetylpyridinium chloride, 1-butyl-3-methylpyri-
dintum bromide, 1-butylpyridintum chlonide, 1-methyl-3-
hexylimidazolium chloride, 1-methyl-3-octylimidazolium
chlonide, 1-hexyl-3-methylimidazolium tetrafluoroborate,
1,4-dimethyl-1,2,4-tnazolium chloride, 1-Ethyl-3-methyl-
imidazolium acetate, 3-(2-Hydroxyethyl)thiazolium bro-
mide, 2,3,3-Trimethyl-1-propyl-3H-indolium 1odide, 1,23,
3,-tetramethyl-3H-indolium 1odide. Combinations of the
foregoing may be used.

Method. The method according to the present invention
comprises mtroducing a slurry composition between a pol-
ishing pad and a substrate that are pressed ito contact and
moving relative to each other, wherein the slurry composi-
tion comprises water (preferably deionized water), abrasive
particles, and one or more polishing suppressant agents
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described above. The method of the invention can be used to
planarize semiconductor substrate surfaces for integrated
circuit manufacturing. In particular, the relevant substrate
surfaces contain silica and polysilicon. The slurry compo-
sition used in the method can be any disclosed herein.

EXAMPLES

The invention 1s illustrated, and not limited, by the
following examples.

Example 1

Table 1 shows the polish rates and selectivities of 8-inch
diameter silica/polysilicon waflers using aqueous slurries
containing 2 wt % ceria particles, with and without the
presence ol 0.01 wt % cetylpyridinium chloride, and pH
adjusted by nitric acid or sodium hydroxide. The particle
s1ze D of the cena particles 1 both slurry compositions

Mear?

1s 0.125 micron. The polishing 1s performed using a Mirra
polisher operated at 154 rpm top platen speed and 1.5 psi
polishing pressure. The polishing pad 1s an IC 1000 pad.
It can be seen that for the slurries 1 and 2 with acidic pH
(less than 4), the presence of cetylpyridinium chlonde
significantly increases the selectivity of the polish rate of
s1ilica over polysilicon by a factor of nearly 18 relative to the
slurry without cetylpyridintum chloride. On the other hand,
for the slurnies 3 and 4 with basic pH (10.5), the selectivity
1s not significantly increased with the presence of cetylpyri-
dinium chloride and 1s much less than 50. In addition, the
polish rate 1s significantly reduced to an undesirable level.

TABLE 1

Polish rate and selectivity data of 8-inch diameter silica/polysilicon
wafers using aqueous slurries containing 2 wt % ceria particles,
with and without the presence of 0.01 wt % cetylpyridinium chloride,
and pH adjusted with nitric acid or sodium hvdroxide.

Slurry 1 Slurry 2 Slurry 3 Slurry 4
Components wt %
Ceria 2 2 2 2
Cetylpyridinium Chloride 0 0.01 0 0.01
Nitric Acid 0.004 0.004 0 0
Sodium Hydroxide 0 0 0.046 0.046
Water 97.996 97.986  97.954  97.944
pH value 3.9 3.8 10.5 10.5
Removal rates; A/sec
Silicon Dioxide 102 91 75 47
Polysilicon 10 0.5 22 2.3
Selectivity 10.2 182 3.4 20.4

Removal rates in the table above are expressed 1n ang-
stroms/second (A/sec). The invention is further described
with reference to the following items. It 1s noted that a
multiply dependent item or claim such as “items 1-3” refers
to any of claims 1-3.

Item 1. An acidic aqueous slurry composition comprising:

abrasive particles selected from the group consisting of

ceria, alumina, zirconia, silica, titania and combina-
tions thereof; a suflicient amount of a pH adjuster to
bring the slurry pH to below 4.5; and a cationic
polishing suppressant comprising a quaternized aro-
matic heterocycle.

Item 2. The acidic aqueous slurry composition of item 1,
wherein the pH adjuster 1s selected from the group consist-
ing ol nitric acid, hydrochloric acid, sulfuric acid, acetic
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acid, hydrobromic acid, formic acid, propionic acid, lactic
acid, glycolic acid and combinations thereof.

Item 3. The acidic aqueous slurry composition of item 1,
wherein the quaternized aromatic heterocycle includes 4-8
atoms, preferably 5 or 6 atoms.

Item 4. The acidic aqueous slurry composition of 1tems
1-3, wherein the quaternized aromatic heterocycle includes
at least one heteroatom capable of achieving a quaternary
state.

Item 5. The acidic aqueous slurry composition of 1tems
1-4, wherein the at least one heteroatom 1s nitrogen or
phosphorus, preferably mitrogen.

Item 6. The acidic aqueous slurry composition of items
1-5, wherein the quaternized aromatic heterocycle further
includes at least one saturated or unsaturated, optionally
substituted C1 to C100 hydrocarbon residue bonded to at
least one atom of the heterocycle.

Item 7. The acidic aqueous slurry composition of 1tems
1-6 wherein the hydrocarbon residue has 1 to 24 carbon
atoms.

Item 8. The acidic aqueous slurry composition of 1tems
1-7, wherein the quaternized aromatic heterocycle 1s part of
an 1onic liquid.

Item 9. The acidic aqueous slurry composition of 1tems
1-8 wherein at least one anion 1s associated with the quat-
ernized aromatic heterocycle to provide electroneutrality to
the composition, the anion selected from the group consist-
ing of hydroxide, chloride, bromide, 10dide, nitrate, sulfate,
phosphate and combinations thereof.

Item 10. The acidic aqueous slurry composition of 1tems
1-9, wherein the quaternized aromatic heterocycle wherein
the quaternized aromatic heterocycle 1s a multiple hetero-
cycle containing at least two ring structures.

Item 11. The acidic aqueous slurry composition of 1tems
1-10, wherein the multiple heterocycle contains at least two
ring structures fused together, wherein one or more of the at
least two ring structures include at least one quaternized
atom.

Item 12. The acidic aqueous slurry composition of 1tems
1-10, wherein the multiple heterocycle contains at least two
ring structures joined by at least one atom wherein the at
least one atom 1s not part of the at least two ring structures,
wherein one or more of the at least two ring structures
include at least one quaternized atom.

Item 13. The acidic aqueous slurry composition of 1tems
1-12, wherein the quaternized aromatic heterocycle 1is
selected from the group consisting of:
cetylpyridintum chloride, 1-butyl-3-methylpyridinium bro-
mide, 1-butylpyridinium chloride, 1-methyl-3-hexylimida-
zollum chlonide, 1-methyl-3-octylimidazollum chloride,
1-hexyl-3-methylimidazolium tetratluoroborate, 1,4-dim-
cthyl-1,2,4-triazolium chloride, 1-Ethyl-3-methylimidazo-
lium acetate, 3-(2-Hydroxyethyl)thiazolium bromide, 2,3,3-
Trimethyl-1-propyl-3H-1indolium 10dide, 1,2,3.3,-
tetramethyl-3H-indolium 1odide, and combinations thereof.

Item 14. A method of polishing a silicon dioxide film in
preference to polysilicon (polycrystalline silicon) compris-
ing 1introducing an acidic aqueous slurry composition
between a polishing pad and the substrate when the polish-
ing pad and substrate are pressed into contact with each
other and moving relative to each other, wherein the acidic
aqueous slurry composition comprises:

abrasive particles selected from the group consisting of
ceria, alumina, zirconia, silica, titania and combinations
thereot;

a sutlicient amount of a pH adjuster to bring the slurry pH
to below 4.5; and
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a cationic polishing suppressant comprising a quaternized
aromatic heterocycle.

Item 135. The method of item 14, wherein the pH adjuster
1s at least one selected from the group consisting of nitric
acid, hydrochloric acid, sulfuric acid, acetic acid, hydrobro-
mic acid, formic acid, propionic acid, lactic acid, and
glycolic acid.

Item 16. The method of items 14-15, wherein the quat-
ernized aromatic heterocycle includes 4-8 atoms, preferably
> or 6 atoms.

Item 17. The method of 1tems 14-16, wherein the quat-
ernized aromatic heterocycle includes at least one heteroa-
tom capable of achieving a quaternary state.

Item 18. The method of items 14-17, wherein the at least
one heteroatom 1s nitrogen or phosphorus, preferably nitro-
gen.

Item 19. The method of 1tems 14-18, wherein the quat-
ernized aromatic heterocycle further includes at least one
saturated or unsaturated, optionally substituted C1 to C100
hydrocarbon residue bonded to at least one atom of the
heterocycle.

Item 20. The method of 1tems 14-19, wherein the hydro-
carbon residue has 1 to 24 carbon atoms.

Item 21. The method of 1tems 14-20, wherein the quat-
ernized aromatic heterocycle 1s part of an 1onic hiqud.

Item 22. The method of items 14-21, wherein at least one
anion 1s associated with the quaternized aromatic hetero-
cycle to provide electroneutrality to the composition, the
anion selected from the group consisting of hydroxide,
chloride, bromide, 10dide, nitrate, sulfate, phosphate and
combinations thereof,

Item 23. The method of 1tems 14-22, wherein the quat-
ernized aromatic heterocycle 1s a multiple heterocycle con-
taining at least two ring structures.

Item 24. The method of items 14-23, wherein the multiple
heterocycle contains at least two ring structures fused
together, wherein one or more of the at least two ring
structures include at least one quaternized atom.

Item 25. The method of items 14-24, wherein the multiple
heterocycle contains at least two ring structures joined by at
least one atom wherein the at least one atom 1s not part of
the at least two ring structures, wherein one or more of the
at least two ring structures include at least one quaternized
atom.

Item 26. The method of 1tems 14-25, wherein the quat-
ernized aromatic heterocycle 1s selected from the group
consisting of: cetylpyridinium chloride, 1-butyl-3-meth-
ylpyridinium  bromide, 1-butylpyridintum  chlonde,
1 -methyl-3-hexylimidazolium chloride, 1-methyl-3-octyl-
imidazolium chloride, 1-hexyl-3-methylimidazolium tet-
rafluoroborate, 1,4-dimethyl-1,2,4-triazolium  chlonide,
1-Ethyl-3-methylimidazolium acetate, 3-(2-Hydroxyethyl)
thiazolium bromide, 2,3,3-Trimethyl-1-propyl-3H-indolium
iodide, 1,2,3,3,-tetramethyl-3H-indolium 10dide, and com-
binations thereof.

[tem 27. The method of 1items 14-26, wherein the substrate
surface includes silica and crystalline silicon, and where the
polishing selectivity ratio of silica to crystalline silicon 1s at
least at least 50, preferably at least 75, more preferably at
least 100, even more preferably at least 150 and yet more
preferably at least 175.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
illustrative examples shown and described herein. Accord-
ingly, various modifications may be made without departing
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from the spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.

The 1nvention claimed 1s:

1. A method of polishing a silicon dioxide film 1n pret-
erence to polycrystalline silicon comprising: introducing an
acidic aqueous slurry composition between a polishing pad
and a substrate including the silicon dioxide film and the
polycrystalline silicon when the polishing pad and the
substrate are pressed into contact with each other and
moving relative to each other, wherein the acidic aqueous
slurry composition comprises:

abrasive particles selected from the group consisting of

certa, alumina, zircomia, titania and combinations
thereof;

an amount of a pH adjuster to bring the slurry pH to below
5; and

a cationic polishing suppressant comprising a quaternized
aromatic heterocycle, wherein the quaternized aromatic
heterocycle 1s selected from the group consisting
cetylpyridintum chlonde, 1-butyl-3-methylpyridinium
bromide, 1-butylpyridintum chloride, 1-methyl-3-hex-
ylimidazolium chloride, 1-methyl-3-octylimidazolium
chloride, 1-hexyl-3-methylimidazolium tetratluorobo-
rate, 1,4-dimethyl-1,2,4-triazolium chlornde, 1-Ethyl-3-
methylimidazolium acetate, 3-(2-Hydroxyethyl)thiazo-
llum bromide, 2,3,3-Trimethyl-1-propyl-3H-1indolium
iodide, 1,2,3,3,-tetramethyl-3H-indolium 1odide, and
combinations thereof.

2. The method of claam 1, wherein the pH adjuster 1s

selected from the group consisting of nitric acid, hydrochlo-
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ric acid, sulfuric acid, acetic acid, hydrobromic acid, formic
acid, propionic acid, lactic acid, glycolic acid and combi-
nations thereof.

3. The method of claim 1, wherein the quatermized aro-
matic heterocycle includes at least one heteroatom selected
from the group consisting of nitrogen and phosphorus.

4. The method of claim 1, wherein the quatermized aro-
matic heterocycle further includes at least one saturated or
unsaturated, optionally substituted hydrocarbon residue hav-
ing 1 to 100 carbon atoms, the hydrocarbon residue bonded
to at least one atom of the heterocycle.

5. The method of claim 1, wherein the quatermized aro-
matic heterocycle 1s part of an 1onic liqguid.

6. The method of claim 1, wherein at least one anion 1s
associated with the quaternized aromatic heterocycle to
provide electroneutrality to the composition, the amion
selected from the group consisting of hydroxide, chloride,
bromide, 10dide, nitrate, sulfate, phosphate and combina-
tions thereof.

7. The method of claim 1, wherein the quaternized aro-
matic heterocycle 1s a multiple heterocycle containing at
least two ring structures.

8. The method of claim 7, wherein the multiple hetero-
cycle contains at least two ring structures fused together,
wherein at least one of the at least two ring structures
includes at least one quaternized atom.

9. The method of claim 7, wherein the multiple hetero-
cycle contains at least two ring structures joined by at least
one atom wherein the at least one atom 1s not part of the at
least two ring structures, wherein one or more of the at least
two ring structures include at least one quaternized atom.

% o *H % x
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